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:'l.8STR'£iCT 

The role of the regulator-gene product (repressor) in catabolite repre~sion 

of s-,]alactosidase synthesis in Escherichiacoli. J. Palmer and V. ~oses; 

Laboratory of 

Chemical Biodynamics, University of California, Berkeley, Calif., 94720, U.S.A. 

J ul y 19, 1967 

The specific role"of the lac repressor (i-gene product) in transient 

catabolite repression evoked by the introduction of glucose into the medium 

has been investigated in Escherichia coli using mutants of the i-gene. A .... _... -- " 

temperature-sensitive mutant (i TL) is normally inducible and demonsti'ates 

transient repression when grown at 32°. At 42° it is about 20% constitu­

tive and transient catabolite repression is abolished. t\ strain carrying 

an amber supressor-sensitive mutation in the i-gene is phenotypically con-

stitutive and also fails to show transient catabolite repression. Insertion 

of Flac;-I- into this strain restores both inducibility and transient re-

pression. It is concluded that the i-gene product interacts with the 

catabolite corepressor in such a way that its affinity for the operator 

is; ncreased. 
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The Role of the Regulator-Gene Product (nepressor) in Catabolite ~eoression-
~ 

of B-Galactosiduse Synthesis in Esch£!tichi(1 coli 

l3Y J. pn:t:ER N1D V. 'lOSES * 

Departll1ent of ;1olecular~-)iologj, Laboratm"y of Chonica' Biodynanics and 

Lawrence Radiation Laboratory, University of California,- Berkeley, Calif. 94720 

J ul Y 19. 1967 

1. The specific "role of the lac repressor (i-gene product) in transient 

cataholite repression evoked by the introduction of glucose into the flledium 

has been investigated in f2.cherichia coli using mutants of the i-t]ene. 

2. A temperature~sensitive mutant (i TL ) i~ normally inducible and demon­

strates transient repression when grown at 32°. At 42° it is about 20% con-

stitutive and transient catabolite· ~epression is abolished. 3. A strain 

carrying an amber supressor~sensitive mutation in the i-qene is phenotYrical1y 

constitutive and also fails to ShOl'1 transient catabolite repression. 

4. Insertion of F lac i+ into this strain restores both inducibility and 

transient repression. 5. It is concluded that the i-gene product inter-

acts \'lith the catabolite corepressor "in such a way that its affinity for 

the operator is increased • 

Temroraryaddress: r1icrobiology Unitt [)epartment of Biochemistry, South Parks 

Road~ Oxford. Please address requests for reprints to the Laboratory of Chemi-

cal Biodynamics in Berkeley. 
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. It has orevi ous ly been sho .. m (Pa l:n2r ?, j~oses, 1 (7) that acute trans i ent 

catabolite rcnression of e-galactosidase synthesis, observed when glucose is 

add~d to olycerol-aro','/Il cells of Eschcrichii,! coli ('';or,ns ~ rrcvost, 19(6), 

requires the presence of a functional operator ~cne (0). The specific in­

volvement of the i-gene product (repressor) was not then tested since a regu­

lator gene deletion mutant (i del ) was not available to us. While such a 

deletion mutant has still not been isolated to the best of our knowledge, the 

isolation of certain temperature-sensitive control mutants by Sadler &. Novick 

(1965) and of amber supressor-sensitive mutants by MOller-Hill (1966) has made 

possible an investigation of the role of the repressor in acute transient 

repres s i on. 

TvJO types of teJl1pel~ature-sensitive regulatory mutants have been obtained 

(Sadler & Novick, 1965). In one series the repressor itself ap~eared to be 

increasingly unstable as the temperature was raised, so that growth at 42° 

produced a cell largely constitutive in character, whil~ the same strain cul­

tured at 30° was typically inducible. This mutation has been designated iTl. 

In another series (iTSS) the synthesis of the repressor appeared to be pre­

vented at high temperature although the repressor. once formed, was not des-

troyed by heat. There is some doubtD hOl'lever» about the status of the re~ 

. tl . TSS t t pressor 1n 1e 1 mu an s. Sadler & ~ovick (1965) observed that such strains 

acquired active repressor unusually rapidly \'lhen transferred frorn F.l high grol/lth 

temperature, believed to prevent repressor synthesis~ to a temperature at which 

repressor synthesis was possible. Further, the constitutive synthesis of B-

galactosidase at high temperatures is susceptible to inhibition by o-nitrophenyl-

S-fucoside (J. Palmer, unpublished \'lOrkL a substance regarded as an activator 
, 

of the repressOl' tather than an antagonist of th'2 inducer (,Jayarar:lan, ~~[ll1e)'-Hill 

& Rickenberg~ 1956). It is thus probable that some repressor functions in i TSS 

strains are reversibly inactivated at high temperature~ and it is possible that other 
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repressor functions ~ight persist under these conditions. Lowering the am-

bient tem~erature of t~e cells from 42° to 32° might per~it srontaneous re-

activation of a ~eat-inactivated repres~or. accountin~ ~or t~G ranid onset 

of inducibility reported by Sadler {t ~:ovick (1965). I':e have therefore con-

fined our studies of transi2i1t rerression in heat-sensitiv,;; strains to the 

iTl mutation. Investigation of the catabolite repression behaviour of the 

iTl mlltant at 4ZO and 32°, and comparison \·/ith its wild-type parent p has 

allowed a more definite correlation than heretofore possible between the 

functional state of the repressor and the transient repression. effett. 

A further test has been made using an amber supressor-sensitive mutant 

of the i-gene (i-sUS), and comparing this with the behaviour of a diploid 

strain also carrying a v/ild-type i-gene (i-sus/i+). The i-sUS mutant differs 

from i- strains in that it effectively carries a functional deletion of the 

i-gene rather than a point mutation. Thus p all functions of t~e repressor 

are eliminated simultaneously and the role of the i-gene may then be studied 

by introducing ;+. 

11ATERI;\lS .L\ND r1ETflIJDS 

The strains of E. coli used are listed with their relevant 

genetic characters: E 103 (Hfr iTl 0+ z+) and E 102 (i+ parent of E 103) 

were obtained fromA. Novick, and their properties are described by Sadler & 

Novick (1965) and by :~oriuchi s Horiuchi ~, 1~ovick (1063); the i Tl rnuta:1t 

differs from its parent only by lesions in the i-gene of the lactose operon 

and selection procedures during its isolation would not be expected to select 

other genotypic changes. Strains 112-12-.il,~84 (F- i~sUS + + + . ~ -a z y hlS cys 

gal- su-) and JC 2637 (thr- 1eu- pro- met- 8
1
- SmR/F1ac i+ 0+ + + z y) \'/ere 

<:lifts fronl B. nOller-Hill and I~. J. Clark, respectively. 
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63 (Pardee PI [)restid,)l?, 1961) contJinin'J 22 1~~1-1J1.vcerol and supDlementcd 

\-JiU1 the f)(?CCSS,wy specific nutriGnts. Tef'1perutur~s I'Jere controlled to 2:, 0.5° 

in a water bath. Aeration was provided by shakin1 or by ma~netic stirrinQ. 

SrO\'Jth ',vas rne.)sun:~d D.S described prt:v;ollsly Uloses & rrevost, 19GG); ilt an 

extinction value of 1.0 the cultures contain 225 wg. hacterial protein/ml. 

Glucose was introduced to the cultures where indicated by adding 1 M-glucose 

solution to give a final concentration of 10 mM. 

[nZ,'i:J'11e induction al1d ass~. S-Galactosidase synthesis 'vas induced. Ivhere 

indicated, with 0.5 ,mM-isopropyl-thio-S-D-galactopyranoside (IDT~). Since 

many measurements ~ere made of constitutive enzyme synthesis~ particular care 

was exercized to minimize errors in sa~pling volume, Samples (0.05 to 0.20 ml.) 

of culture were added to clean weighed 10 ml. shell vials containing 0.2 ml. 

of chloramphenicol solution (1 mg./ml.), mixed and reweighed to correct for 

volume errors. Before assay~ one drop (about 6 ~l.) of tolue~e was added to 

each sample, and these were stoppered and shaken for 30 min. at 37°. The 

stoppers were then removed and the toluene allowed to evaporate for 30 min. at 

37°. Enzyme activity \'Jas measured by the rate of hydrolysis of Q.-nitrophenyl­

B-O-galactoside (ONPG) as described by Kepes (1963) ~ using 0.8 ml. of 3.3 m1'1-

substrate solutions and 0.8 ml. of 0.75 M-Na 2C03 to stop the reaction. ~bout 

100 mg. of solid BaC03 was added to each vial t and after mixing the vials 

\'Jere centrifuged for 1 moine at 1400 x ~ in a bench-tor centrifuge to clarify 

the solution and remove turbidity due to the bacteria. The amount of enzyme 

catalyzing the hydrolysis of 1 m~mole of substrate/min. at 37° is defined as 

1 un it. 

'110tirlfl eXDeriments. StrainJC 2637 ~"as used to insert i+ into the i-SUS - ' -
strain 112-12-A-84. The requir.:~ii1ent of ,JC 2637 for proline \'/aS confirmed; 

colonies of this strai~ failed to grow for at least 7 days in the absence of 



.. 

\. 

-5- UCRL-17689 
c, 

added ~roline. About 2 x l0~ cclls/ml. of the donor ~ere incubated with 
Q 

1 x 10v cells/;ill. of the recipient strain for 2 hr. at 37° \',ithout afJitation 

in 01yc~rol~r.1in;Ji1al r:lcdium contuininG 0.11 the gro",/til requ;l'Cr1,cnts fnr both 

strains. The culture was t~en diluted ~ithhuffer and plated on ~lycerol-

minimal plates containing histidine and cysteine to select for the recipient 

strain and a~ainst the donor. When visible colonies were obtained the olates 

were inverted for 1-2 min. over filter paper soaked with toluene and the 

colonies I'/ere then tested for B-galactosidase activity • .. lith sterile 0~1i'S 

solution. Colonies sho:/ii19 no nitrophenol colour for at least 5 r.lin. \'Jere 

replated :J.nd further colonies selected ~'/},ich shwed no JrJPG hydrolysis for 

hr. + These were found to be lac on eosin-methylene blue-lactose plates. Qne 

isolate \-Ias designated Pi-ll and \'/as used for futther studies. It shovled the 

same grO\Jth requirements as the recipient parent and not those of the donor. 

PM 1 is therefore i-sUS 0+ z+ y+/~ i+ 0+ z+ y+, 

RESULTS 

~ff~ct of tempe.ra.t,ure on transient repression in iTl and / stl~ains. The 

effect on B-galactos.idase synthesis of addinQ glucose to cells IJroHing on gly~' 

1 t 3~0 d 42°' t .c t' .+ t . E 102 (c· 1) a',d th" l·Tl cero a i an 1S SllO\/t1 lor ne 1 s rclln : 1-1g. , ':: 

strain E 103 (Fig. 2), Both strains had similar growth responses to the addi-

tion of ~lllcose: little chan~e in doubling time when glucose \1aS added at 32°. 

but a lQ-25% increase in the growth rate when glucose was introduced at 42°. 

For strain E 102 a transient repression of enzyme synthesis vias observed at 

both tem~eratures» lasting about the same time in each case. Similar experi-

ments perforf11ed I'/ith [103 shovJed that transient repression, vJhile present at 

[HiSERT FIGS. 1 MO 2 NEAR HERE] 

32°, was no longer evident at 42° (Fig. 2). The mutation from i+ to iTl thus 

abolished acute transient repression and simultaneously permitted a partially 

constitutive synthesis of B-galactosidase when the cells were grown at 42°. 
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·-sus sus + Effect of 11 ucose ol~_al1d i - /i s trai ns. !\ciditi on of (jl uC"ose to 

i-SUS cells 'JrmJin'J on glycerol increased the gro"'1th tate: by 11~:'. >10 transient 

reprC?ssion of s·,:;aluctosidaS0 synthesis \<JilS ObSel"Ved, rInd the steady differ-

ential rate of enzyme synthesis fell im~2diate1y to 61% of the rate in the 

absence of glucose (Fig. 3). When glucose was added to the i-sus/i+ diploid 

[INSERT FIG. 3 NEAR HERE] 

there ~as a1nost no effect on the growth rate, but transient renression was 

ohtained (Fig. 3). Imf7lediately after the addition of !J1ucose the differential 

rate of enzyme synthesis fell by 79%; some 55 min. later (0.9 generation) it 

recovered to about 65% of the original rate on glycerol. 

DISCUSSIIJN 

It Il}as poin~ed out e1sev/here (Palmer & '1oses D 1957) that ar~uments ex­

cluding repressor from a role in transient repression are not acceptahle when 

based on the fact that i- constitutive mutants exhibit such repression. It 

is possible that i- point mutants possess an altered repressor which$ while 

having lost its normal capacity to bind to the operator, nay be activated to 

do so under metabolic conditions giving rise to catabolite repression. Simi-

1arly. the observation of repression by glucose of B-galactosidase synthesis 

during the one-hour period of constitutive synthesis of the enzyme following 

transfer by conjugation of i+ z+ into lac~deletion recipients (Loomis r~ r1a~a­

sanik~ 1964)J also does not eliminate repressor from the mechanism of catabolite 

repression. One might argue that repressor is effective at lower concentrations 

in the presence of glucose metabolites. In a recent paper Barbour & Dard~e 

(1956) have indeed obtained evidence that the repressor or its precursor is 

present in 10\'1 concentration fro:n a very early ~eriod during mating. 

The observation that transient repression depends on a functional operator 

gene (Palmer & Moses p 1967) strongly suggests the likelihood of the re~ressor 
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also bein() involved. '"I fonilal test of this rossibility reCjlJil'es a 'co)~mMison 

Of the ']lucose effect in rclat2d strains, one of "/hic!l contains the r2pressol~ 

':I~Jile in thR othQr it is absent. Such a cn;'1rarison c~nnr:t :J--::t h8 made? 'lith 

d 1 t · t'" b t t' . TL + t . t· 1 ,. d ace e lon mu aill-, u :12 1 "cmperil-ure-sensl lye ren,u ator Straln an J 

the i-sUS Mutant offer opportunities of testing repressor involve~ent. 

In comparina E 103 ~'lit!l its parent E 102 vIe note that til,:? cl1a.nr;2 fto!"" i+ 

to i TL simultaneously rendered the synthesis of B-~alactosidase ahout 20S con-

stitlltive at 42° and at that temperature eliminated the transient repression 

rifle to 1]111Cose. At 32° the i TL strain \'las inducible and s!lo':Jeci transient l'e­

pression. lIe have atte;T]pted to insert F lac i+ from JC 2637 into an F- ph2no-

copy (Lederberg, Cavalli & Lederberg p 1952) of E 103 but failed to isolate an 

iTL/i+ diploid. A successful isolation would have rermitted a more rigorous 

test of these changes arising entirely as a result of mutation in the i-sene • 

. -sus The absence of transie:lt repression in the 1 strain sU!Jports the idea 

of a role for the repressor in this phenomenon. The repressor in this strain 

has presumably lost affinity for the operator 5 g"iving rise to the constitutive 

phenotype. Gilbert & [viOller-Hill (1966) have shD\'Jn that this repressor has 

also lost affinity fo"r the inducer. This argues strongly for a large func-

tional deletion in the i-gene and is thus consistent with transient catabolite 

" repression being mediated by the i-gene product. The sif11ultaneous restoration 

of both inducibility and transient repression by the insertion of i+ into 

i-SUS confirms this conclusion. 

The observed relation of transient catabolite repression to various mu-

tations in the i-gene may be explained by a model in which the repressor is a 

trivalent Molecule~ rather than the bivalent entity originally suggested by 

Jacob & ~onod (1961). This concept has previously been briefly discussed by 

Clarke t~ Grammar (1964), and vias also considered by Loomis & 'lagasanik (1964) 

but was rejected by them for reasons which were subsequently criticized (Clarke 
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(~ 3ra r'1!:1ar, 1964; Paliner & floses, 1967). The three postulat~d sites on tile 

rerressor would be an inducer-interacting site (I), an operatDr-interacting 

site (0), and a catabolite corepressor·interacting site (C~). Accorrling to 

this model, the f)-site interacts vlith the operator in the absence of inducer 

and prevents transcription. In the presence of inducer the I-site binds to 

the latter and the O-site is allosterically modified in such a way that it no 

lonCjer hilS affinity for the operator and transcl~iption rl~oceeds U1onod, 

Chanaeux & Jacob. 1963). The CR-site interacts with the catabolite core-

pressor and allosterically increases the affinity of the n-site for the 

ooerator. Thus the .CR- and I-~ites have opposite effects on the degree of 

hinding of the repressor to the operator and can he viewed as bein0 com~eti-

tive. Evidence has been published indicatino thilt induction and catabolite 

repression may be competitive phenomena (Clark (( r~art·, 1964). 

Each of the proposed three repressor sites may be conceived as existing 

in several allelic forms giving rise to the follOlving genotypes: 

1+: repressor is capable of interacting reversibly with inducer and 

thus losing affinity for the operator; 

r-: repressor is incapable of interacting with inducer; 

1++: repressor binds to inducer more tightly than normal; 

+ CR: repressor is capable of interacting reversibly with the catabolite 

corepressor and thus increasing affinity for the operator; 

CR- : repressor is incapable of interacting with the catabolite corepressor; 

CR++: repressor binds to the catabolite corerressor more ti0htly than normal; 

f)+ : repressor is capable of interacting reversibly '.'lith the operator; 

0- : repressor is incapable of interacting with the operator; 

0++; repressor binds to operator r:lOre tightly than us ua 1. 

In order to account for the presence of transient catabolite repression 

in i- constitutive mutants, it is also necessai~y to postulate a further allele 

of the O-s ite: 
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(\. CR" ° t tOt' t' ., repressor 1n erac s i'll n ne operator only \olhen the CR-site is 

occupied by the catabolite corepre~sor. 

f1y cOrlbinin~ the appropriate alleles for the three sites into one Clcne 

a 11 the knO\oJn phenotypi c vari ati ons of trans i ent catabolite repr~ss i on be-

haviour can be accounted for by this model. 

The I'lork reported in thi s paper was sponsored by the United States 

Atomic Ener<lY Commission. 
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FI CURE UPTUY1S 

FiJ. 1. ~er))'ession by Jlucose of B-galactosidilse synthesis in strilin E 102 

at 32° and 42°. IPTG (0.5 m>l) \-Ias ilddp.rl at .j. and ql ucosr. (10 11l~~) at 

t. Mass doubling times (min.) before and after glucose addition and 

length of transient repression, respectively: at 32°, 73, 77, 25; at 

Fig. 2. Repression by glucose of B-~alactosidase synthesis in strain E 103 

Fi g. 3. 

at 32° and 42°. IPTG (0.5 m'i) I'/as added at i- and ~11ucose (10 m~'1) at 

t. Mass doubling times (min.) before and after glucose addition and 

length of transient repression, respectively: at 3r, 70, 72. 23; at 

42°, 118, 65, no transient. 

Repression by glucose of B-galactosidase synthesis in strains 112-12-
\ 

1\-84 (i-SUS) and Pt-l (i-sus/i+) at 37°. IPTG (0.5 m1'1) added at-l-; 

10 ~M-glucose added at t. Mass doubling times (min.) before and after 

glucose addition and length of transient repression, r~spectively: 

112-l2-1\~84» 59~ 53, 0; pr', 1, 60~ 60~ 55. 1:.., i-SUS; .~v i-sus/i+. 

Running title: Role of Repressor in Catabolite Repression 

All correspondence to: V. :los(>s, 
Microbiology Unit, 
Department of [3;ochemistry, 
South Parks Road 9 

Oxford. 
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